Calcium translocation by fatty acid derivatives in a two-phase partition model. Structure-activity relationships.
The relationship between structures of fatty acid derivatives, long-chain fatty alcohols, phospholipids and their calcium-transporting activity was investigated using the two-phase model system in which 45Ca is transported from an aqueous to an immiscible organic phase. Calcium translocation by all saturated and unsaturated fatty acids was significant only at 10 mM concentrations, but minimal or negligible below 1 mM; the corresponding methyl esters and alcohols were inactive at 10 mM. Polyunsaturated fatty acid derivatives, prepared by incubation with lipoxygenase (linoleate: oxygen oxidoreductase; EC 1.13.11.12) or by autoxidation in air, showed a markedly increased potency over the parent compounds. The oxidation products of linoleic and arachidonic acids were most potent. For example, the equieffective concentrations were 10 mM for linoleic acid, 0.4 mM for its lipoxygenase metabolites and 0.094 mM for its autoxidation products. Similarly, for arachidonic acid and its derivatives, equieffective concentrations were 10, 0.104 and 0.112 mM, respectively. The potency of the autoxidized fatty acid derivatives varied with both duration of autoxidation and the specific structure. Methyloleate and oleyl alcohol remained inactive even after a prolonged oxidation, whereas methyllinoleate and linoleyl alcohol were very potent only after 4 weeks but not after 1 week autoxidation. The potency of esters and alcohols with three or more double bonds increased significantly even after a short-term autoxidation, reflecting the differences in both the rate of formation and the contribution to calcium-transporting properties of the primary and secondary oxidation products. All phospholipids tested, with the exception of phosphatidylcholine and lysophosphatidylcholine, showed considerable calcium-transporting activities at 0.01 mM or greater concentrations; some members were of similar or greater potencies than the classical calcium ionophores, X537A and A23187.